tive. In addition to carbohydrate, 27%o protein and 5.2%7, lipid were found to be present. Fractionation studies indicated that essentially all of the polysaccharide was associated with a trichloroacetic acid-soluble fraction. The sheath is therefore considered to be a protein-polysaccharide-lipid complex, which is chemically and anatomically distinct from the cell wall and the slime layer. It is hypothesized that this unique structure may be related to the microcapsule found in many gram-negative bacteria, and may represent a structural specialization of this more common structure.
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Sphaerotilus natans is a typical sheath bacterium, belonging to the order Chlamydobacteriales. This group of organisms is characterized by the presence of a contiguous closely fitting sheath which encloses long chains of rod-shaped cells. This sheath is of ecological significance to the organism, since it allows a means of attachment to solid surfaces. The organism thus gains a selective advantage in streams with appreciable current flow, since it can obtain sufficient nutrient from a large volume of water to achieve massive growth even if nutrient concentration is extremely lowv. Accordingly, S. natans is of considerable importance as a nuisance organism in water supplies, since it can grow in such quantities in streams receiving organic enrichment that massive slime infestations can result.
In view of the problems caused by this organism, the ecological significance of the sheath, and the current interest in the chemical composition of surface structures of microbial cells, the present study was undertaken to find a method of isolating sheath material free from cells so that the chemical nature of this unique structure could be elucidated.
Little information on the chemical composition of the sheath has been reported since the early observations of Linde (1913) , who found that the sheath was soluble in 50% H2SO4, 60%S KOH, or ammoniacal copper sulfate but was insoluble in 5%c H2S04, and the observations of Zikes (1915) , who stated that hemicellulose might be present but chitin was absent. Wuhrmann and Mechsner (1960) carried out an electron microscopic study on isolated sheaths and reported some optical and chemical properties. They found that the sheaths contained 6.8% N and, on the basis of qualitative tests, reported the presence of amino acids and glucosamine in hydrolysates. X-ray diffraction studies did not show patterns corresponding with known plant cell-wvall substances. This paper is an extension of preliminary studies (Romano and Lugannani, 1961) reported from this laboratory.
MATERIALS AND AMETHODS
Organism. The organism used in this study was isolated from a slime infestation of the Altamaha River below Jesup, Ga. It was isolated in pure cul-252 SHEATH OF SPHAEROTILUS NAATAN\S ture by repeated streaking, using the methods and medium described by Stokes (1954) . The organism was identified as S. natans by morphological and cultural properties, according to the descriptions of Pringsheim (1949) and Stokes (1954) .
Growth conditions and harvesting. Cultures were grown in 250-ml Erlenmeyer flasks containing 100 ml of Stokes (1954) Preparation of sheaths. The method that was developed to remove cells and cell walls and leave intact sheaths was based on the observations of Repaske (1956) that certain gram-negative bacteria could be lysed with lysozyme in the presence of ethylenediaminetetraacetic acid (EDTA) and tris(hydroxymethyl)aminomethane (tris) buffer, and those of Shafa and Salton (1960) (Wallenfels, 1950) were used as detection reagents. For amino acids, two-dimensional ascending chromatograms with butanolacetic acid-water (250:60:250; v/v) and phenolammonia were (lone. Amino acids were detected by spraying with 0.2c'% ninhydrin in acetone containing 2 (c pyridine and heating at 100 C for 5 min.
RESULTS
Carbohydrate composition. Samples of 5 mg of sheath material were hydrolyzed in 5 ml of 2 N HCl at 100 C for 2 hr. Portions were removed after 20, 40, 60, an(d 120 min; they were then neutralized and analyzed for total reducing sugars and hexosamine. The rate of release of reducing sugars and hexosamnine from several different sheath prel)arations is shown in Fig. 3 (Lowry et al., 1951 ) gave values of 27%. Total nitrogen analysis gave a value of 7.6 c7.
Amino acids present in hydrolysates of the sheath were identified by paper chromatography. Sheath samples of 25 mg were hydrolyzed with 5 ml of 6 N HCI at 100 C for 18 hr in a sealed tube. Hydrolysates were dried in vacuo, redissolved in ethanol, and dried three times to remove acid. Finally, the hydrolysates were taken up in 0.5 ml of distilled water and subjected to chromatography (Fig. 5) . A broad range of amino acids were found, including aspartic acid, glutamic acid, diaminopimelic acid, serine, glyeine, alanine, lysine, arginine, tyrosine, valine, and leucine or isoleucine. A prominent spot corresponding to glucosamine also occurred on all chromatograms.
Lipid. An estimate of the lipid content of the sheath was made by carrying out a series of ether extractions before and after acid hydrolysis. Samples were extracted three times with absolute ether, and the pooled extracts were dried and weighe(l. This was considered to represent free lipil. The ssheath residue was then hyrdrolyrzed with 2 N HCl for 2 hr at 100 C and again extracted three times with absolute ether. These extracts were )ooled, dried, and weighed. This was consi(lere(d to be the bound lipid. The results are include(d in Table 1 , which is a summary of the analyses carried out on whole-sheath prep- arations.
Fracticnation of sheaths. A fractionation procedure has been designed by Park and Hancock (1960) the Park and Hancock (1960) procedure; the fractions were then hydrolyzed with 2 N HCl at 100 C for 2 hr and were analyzed (Table 2 ). It is clear that essentially all of the carbohydrate constituents of the sheath were found in the hot triehloroacetic acid-extractable fraction. This would indicate that little or no cell-wall mucopeptide is present in the sheath, and that this structure is principally com)osed of a hot trichloroacetic acid-soluble polymer. It is unlikely that this polymer is a teichoic acid, in view of the following considerations. (i) The total phosphorus content of the sheath is below that which would be expected if a polyol phosphate were a major constituent (see Table 1 ). (ii) Ribitol, anhydroribitol, or ribitol lhosphate could not be detected 
DISCUSSION
The sheath of S. natans is composed of a protein-polysaccharide-lipid complex. It is morphologically distinct from the cell wall, and chemically distinct from the capsule, which has been shown to be composed of a polysaccharide containing galactose, fucose, glucose, and glucuronic acid (Gaudy and Wolfe, 1962) .
Although the sheath is a unique structure found only in members of the Chlamydobacteriales, it is of interest to seek relationships with common structures which are known to occur in other bacteria. With respect to its protein-polysaccharide-lipid nature and its anatomical position immediately outside the cell wall and within the capsule or slime layer, the sheath has much in common with the microcapsule which is known to occur in gram-negative bacteria. The microcapsule, as defined by Wilkinson (1958) , is chemically and immunologically distinct from the cell wall, is not essential for the mechanical stability of the cell wall, and can be removed without impairing the viability of the cell. Microcapsular substances are protein-polysaccharide-lipid in nature, and are considered to constitute the somatic 0 antigens and endotoxins of gramnegative bacteria. The manner in which the microcapsule is attached to the cell wall is not clear.
While immunological and toxicity-studies have not yet been carried out with sheaths of S. natans, it does not appear unreasonable to consider the sheath as a modified microcapsule on the basis of chemical composition and anatomical position. The hypothesis is put forth, therefore, that the sheath is a structure that is synthesized as a microcapsule immediately outside the cell wall, and that subsequently is separated from the cell wall at the poles of the cell upon cell division.
